A classification of the Nardus stricta dominated communities in the Balkan Range is presented. Two associations are identified: Nardetum strictae and Campanulo alpinae -Nardetum strictae nom. nov. The alliance Potentillo ternatae -Nardion strictae is typified and some comments on its distribution range and syntaxonomical affiliation to the higher units are presented. A synopsis is included of all available associations referred to Potentillo ternatae -Nardion strictae. Key words: grasslands, nomen novum, nomenclature, numerical methods, syntaxonomy.
INTRODucTION
The Nardus-rich communities are wide spread in the Bulgarian mountains. They are almost entirely of secondary origin and cover approximately 50000 ha (Velchev et al. 1989) . A significant part of them is presented in the Balkan Range as a result of hundreds of years of extensive stock breeding. The syntaxonomical diversity of the mat-grass communities in the Bulgarian part of the Balkan Range has been studied so far following the dominant approach (see Bondev 1966; Ganchev & Kochev 1969; Meshinev et al. 2000) . The same vegetation type, following the Braun-Blanquet approach, was described for Mt. Pirin (Simon 1958) , Mt. Rila (Roussakova 2000) and reported for the Balkan Range, the Rhodopes and Mt. Sredna Gora (Meshinev et al. 2005) . The successional changes of Nardus stricta communities in the central Balkan Range were commented by Velev & Apostolova (2008) . The authors refer communities distributed below the timberline to Nardion strictae Br.-Bl. 1926 , and those occupying higher elevations (above the timberline) to Potentillo ternatae -Nardion strictae Simon 1958. Similarly, for the Serbian territory, Kojić et al. (1998 Kojić et al. ( , 2004 refer the colline mat-grass pastures to Nardion strictae while the mat-grass pastures in the high mountains are considered as part of Potentillo ternatae -Nardion strictae, Jasion orbiculatae lakušić 1966 and Poion violaceae Horvat 1937. According to Krahulec (1985) Potentillo ternatae -Nardion strictae should be considered as a carpathian-Balkanic alliance, characteristic for the vegetation belt above the timberline. On the other hand, the associations recognized so far as being affiliated to this alliance represent an extremely broad variety of ecological and floristic peculiarities. DOI: 10.2478/v10028-009-0004-0 The review of the literature revealed significant differences in authors' concepts regarding relation of the alliance to the higher units (orders and classes). The wealth of information gave us impetus to gather all available in the literature associations and to present the current overview on the Potentillo ternatae -Nardion strictae alliance. The aims of the present study are (i) to identify the syntaxonomy of Nardus stricta communities in the Balkan Range, and (ii) to review the Potentillo ternatae -Nardion strictae alliance.
MATeRIAl AND MeTHODS
A data set of 336 relevés containing mat-grass were analysed. They are recorded for the Balkan Range (Figure 1 ) following the dominant approach (Bondev 1966 , Ganchev & Kochev 1969 , Meshinev et al. 2000 within an altitudinal range between 1400 and 2200 m. each relevé contains a full list of species excluding the mosses in some descriptions. The sample plots are 100 m 2 . The original quantitative estimations are transformed to the old BraunBlanquet scale following Meshinev & Apostolova (2002) . The relevés are stored in the TuRBOVeG data base (Hennekens & Schaminèe 2001) . They are exported into JuIce software (Tichy 2002) for further analysis. Subsequently unsupervised classification (TWINSPAN -Hill 1979) and supervised classification using the cocktail method (Bruelheide 1995 (Bruelheide , 2000 are applied. Two sociological groups (cf. Bruelheide 2000; chytrý 2007) were identified within the cocktail method: (1) setting as an initial species Nardus stricta and representing class Calluno -Ulicetea, and (2) setting as an initial species Juncus trifidus and representing class Juncetea trifidi. each group includes five species. The classification of the relevés is based on the presence of at least three of these species. We used the logical operator AND (Bruelheide 1997) to compose formal definitions for the two associations for the Balkan Range.
All available literature is referred to in order to elaborate a full list of associations of Potentillo ternatae -Nardion strictae alliance.
The syntaxonomical interpretation follows the floristic and ecological principles (Braun-Blanquet 1965; Westhoff & der Maarel 1973; MuellerDombois & ellenberg 1974) .
The syntaxonomical nomenclature of the revisions is in accordance with the International Code of Phytosociological Nomenclature (Weber et al. 2000) (in the text IcPN).
The nomenclature of the species follows Delipavlov et al. (2003) , Kozhuharov (1992) , Natcheva & Ganeva (2005) and Wirth (1995) , while the floristic elements are used after Oberdorfer (1994) and Assyov & Petrova (2006) .
ReSulTS AND DIScuSSION
The unsupervised classification of the relevés reveals that the mat-grass communities in the Balkan Range are divided into two distinct groups in relation to altitude and referring to different alliances. A part of the studied relevés is located within the subalpine belt and another part within the alpine belt. Although there are common species presented, the groups are well separated by a number of diagnostic species. The same groups are established as a result of the implementation of supervised classification and the cocktail method (Bruelheide 1995 (Bruelheide , 2000 as well. Two associations are clearly identified: Nardetum strictae and Campanulo alpinae -Nardetum strictae (Table 1) .
The remaining relevés are spread among other cluster groups and are not considered in the subsequent analysis. 
Association

S e R B I A
Nardus stricta AND Nardus stricta cover > 25 %. The identified Nardetum strictae association of the Balkan Range is developed at an altitudinal range of 1400-2080 m. It occupies formerly intensive pasturelands, which are currently extensively used. The communities are distributed over all the range of the studied area (Fig. 1) . They are localized on ridges or slightly inclined slopes, creating conditions for preservation of the relatively well developed soil layer. The rocks are silicate.
The association was described by Grebenščikov for Mt. Stara Planina (Serbia) (Kojić et al. 1995) . It is confirmed for the same locality also by Mišić et al. (1978) and Kojić et al. (1998 ). Janković (1982 and Kojić et al. (1995 Kojić et al. ( , 1998 stated that Nardus stricta dominated pastures (recognized as Nardetum strictae sensu lato) are a complex of many associations with different ecological characteristics. According to Kojić et al. (1998) the complex Nardetum strictae sensu lato is divided into 18 associations, one of which is ass. Nardetum strictae Grebenščikov 1950. This association is treated as a separate syntaxon also by Kojić et al. (2004) and lakušić et al. (2005) . Nevertheless, this association is accepted as having a broad ecological amplitude (Mišić et al. 1978 , Kojić et al. 1995 but never interpreted as a synonym of the complex Nardetum strictae sensu lato. Kojić et al. (1995) mentioned that many authors misjudge the described association for the Stara Planina association. According to IcPN rules such associations are pseudonyms and in this case should be considered as Nardetum strictae auct. non Grebenščikov 1950.
Association Nardetum strictae Greb. 1950 ecologically is very close to that described for Romania by Simon (1966) Juncus trifidus AND Nardus stricta cover > 5 %. The association was described by Simon for Mt. Pirin (Simon 1958: 179-180 , Table 8 ). The originally recorded relevés of the association are included in Table 1 (relevés 52-57, and is typified by relevé 54). The confirmation of this syntaxon 50 years after its establishment reveals its particular character and does not provide reasons for it to be a nomen dubium (Art. 37); followng the IcPN rules a nomen novum should be given. According to IcPN the new name is typified by the typus of the rejected one. We selected the typus following the recommendations of IcPN where both Campanula alpina and Nardus stricta are presented. Nardus stricta dominates (projection coverage > 25 %) and remains in the name (Art. 3k, 10b, 29b). The species Campanula alpina is well presented in the relevés under this association simultaneously from Mt. Pirin and Mt. Balkan (see Table 1 ). This species indicates the alpine character of the association and is mentioned as diagnostic for alliance Seslerion comosae by Horvat, Pawlowski & Wałas (1938) , Simon (1958) and Horvat et al. (1974) . According to cheshmedzhiev (2003) in Bulgaria only Campanula alpina Jacq. ssp. orbelica (Pančič) urum. is presented within an altitudinal range from 1700 to 2900 m a.s.l.
In the studied area the association is distributed occasionally within the alpine belt between 1950 and 2200 m altitiude. The communities are localized mainly on ridges or highly inclined slopes where the soils are slightly eroded. The rocks are silicate. considering the floristic composition of the association (see Table 1 ) we definitely support Simon's (1958) Simon (1958) includes the association in Potentillo ternatae -Nardion strictae (Nardetalia, Nardo-Callunetea) . At the same time, Simon (1958 in Table 8 ) points out diagnostic species for Seslerion comosae, Poion violaceae and Seslerietalia comosae. The main difference between Seslerion comosae and Potentillo ternatae -Nardion strictae after the cited reference is high abundance of Nardus stricta. The species Potentilla ternata is pointed out in this source as diagnostic also for Seslerietalia comosae. We do not support the decision taken by the author regarding association affiliation to higher syntaxa, because of lacking in diagnostic species both for the order and the class (see Table 1 , rel. 52-57). Following the rules of floristic resemblance (Westhoff & van der Maarel 1973) , and taking into account the presence of several diagnostic species (Table 1) , we refer the Campanulo alpinae -Nardetum strictae association to Seslerion comosae alliance (Seslerietalia comosae, Juncetea trifidi). The dominant position of Nardus stricta in the communities is not sufficient reason for relating an association to Nardetalia strictae and Calluno Ulicetea. In maintainance of such an opinion many authors (Boşcaiu 1971; coldea 1990; Krahulec et al. 1996; Roussakova 2000; Devillers & Devillers-Terschuren 2001; Rodwell et al. 2002; chytrý & Tichý 2003; Koči 2007, etc.) refer the mat-grass communities which contain Arctic-Alpine species to the Juncetea trifidi class.
Alliance Potentillo ternatae -Nardion strictae
Simon 1958 Nomenclatural type: Violo declinatae -Nardetum strictae Simon 1966 , [Simon (1966 : p. 260, Table 2], neotypus hoc loco designatus. This alliance is described by Simon (1958) from Mt. Pirin (Bulgaria). It is established by a single association -Nardetum alpinum moesiacum Simon 1958, which shares the same diagnostic species. According to Def. VIII (IcPN) this association should be considered as holotypus, being the only one described for the alliance. In this particular case it is not applicable because the association belongs to Seslerion comosae as was already pointed out (see Table 1 ). As a neotypus we suggest Violo declinatae -Nardetum strictae association described from Mt. Bihar (Romania). Simon (1966) did not point out its affiliation to higher units when he published the association. later on, many Romanian authors (coldea 1987; Ivan et al. 1993; Sanda et al. 1997; Mihăilescu 2001; Pop et al. 2002; Niculescu 2004; Grigoriu & Alda 2004; Sarbu et al. 2004, etc.) included the association within Potentillo ternatae -Nardion strictae. Simon (1958) refers Potentillo ternatae -Nardion strictae to Nardo -Callunetea, and many other researchers follow this concept, as for example Horvat et al. (1974) , Dihoru (1975) , Mišić et al. (1978) , Pop et al. (1988 Pop et al. ( , 2002 , Sanda et al. (1997) , Kojić et al. (1997 Kojić et al. ( , 1998 Kojić et al. ( , 2004 , Mihăilescu (2001) , Grigoriu & Alda (2004) , Niculescu (2004) , Sarbu et al. (2004) . Some authors, however, refer it to Juncetea trifidi (cf. Boşcaiu 1971; coldea 1990; Roussakova 2000; Devillers & Devillers-Terschuren 2001; Rodwell et al. 2002; chifu et al. 2006) . The problem with the syntaxonomic position of the alliance comes after its distribution close to the alpine belt and thus containing numerous alpine species, such as Agrosris rupestris All., Alopecurus gerardii Vill., Dianthus microlepis Boiss, Euphrasia minima Jacq. ex Dc., Festuca riloensis (Hack. ex Hajek) Markgr.-Dannb., Juncus trifidus l., Scleranthus neglectus Rochel ex Baumg., Sesleria comosa Velen. etc (see Table 1 ). Particularly in Bulgaria the alpine belt is situated between 2400-2925m and very rarely, depending on the local climatic peculiarities, could start from 2000 m altitude and even lower (Velchev 1984 (Velchev , 2002 Bondev 1991) . Simon (1958) describes the alliance at the range of 2100-2400 m a.s.l. and the relevés contain species from different altitudinal belts. The species composition causes ambiguous interpretation of the alliance by different authors. Sarbu et al. (2004) report Potentillo ternatae -Nardion strictae at 1450-1900 m altitude for Romania. They describe it as "acidic oligotrophic subalpine pastures". In ukraine it occupies altitudes of 1200-2061 m (Malinovsky & Kricsfalusy 2000; Prots et al. 2008) . Rodwell et al. (2002) determine Potentillo ternatae -Nardion strictae as " Mat-grass swards of the alpine belt in the mountains of the eastern Balkans".
The information included in Table 2 reveals relatively broad altitudinal range (500-2400 m) of the described associations within the Potentillo ternatae -Nardion strictae alliance. In fact, associations from different vegetation belts are related to the same alliance and thus combine ecologically different habitats. This contradicts to the BraunBlanquet statement that the alliance unifies "the most closely related associations" (Braun-Blanquet 1965: 363 & Pop 1986 ; Hieracio pilosellae -Nardetum strictae Pop et al. 1988 (Resmeriţă & csűrös 1966 Boşcaiu 1971; Dihoru 1975; coldea 1987 , 1990 coldea & Pop 1988; Pop et al. 1988; Ivan et al. 1993; Sanda et al. 1997; Mihăilescu 2001; Pop et al. 2002; Niculescu 2004; Grigoriu & Alda 2004; chifu et al. 2006 Gajić 1989 (Horvat et al. 1974 Mišić et al. 1978; Kojić et al. 1998 Kojić et al. , 2004 .
In Bulgaria: Nardetum strictae Greb. According to some authors, several of the associations listed above are referred to other alliances, as for example:
Nardetum strictae Greb. 1950, Hygronardetum strictae Puşc.-Soroc. 1965 to the Nardion strictae alliance (Kojić et al. 1998; Puzović et al. 2006; Obratov-Petkovic et al. 2007 (Sanda 1997) ;
Violo declinatae -Nardetum strictae Simon 1966 to the Nardion strictae alliance (chifu et al. 2006) .
In the literature as diagnostic for Potentillo ternatae -Nardion strictae are listed the following species: Agrostis rupestris All., Alchemilla flabellata
nigrescens lam., F. ovina l., Gentiana acaulis l., Gentianella lutescens (Velen.) J. Holub, Geum montanum l., Helictotrichon versicolor (Vill.) Pilger., Hieracium alpinum l., H. aurantiacum l., H. hoppeanum Schultes, H. lactucella Wallr., Homogyne alpina (l.) cass., Hypericum maculatum crantz, Hypochaeris uniflora Vill., Leontodon rilaensis Hayek, Ligusticum mutellina (l.) crantz, Luzula sudetica (Willd.) Dc., Nardus stricta l., Phleum alpinum l., Plantago atrata Hoppe, P. gentianoides Sibth. & Sm., Poa alpina l., P. media Schur, Potentilla aurea l., P. erecta (l.) Rausch., P. ternata c. Koch., Primula elatior (l.) Hill., Pseudorchis al-
, Thesium alpinum l., Thlaspi dacicum Heuffel, Thymus alpestris Tausch, T. pulegioides l., T. vandasii Velen., Veronica alpina l., V. officinalis l., Viola canina l., V. dacica Borbas and V. declinata Waldst. & Kit. (Simon 1958; Boşcaiu 1971; Dihoru 1975; coldea 1987 , 1990 coldea & Pop 1988; Sanda et al. 1988 Sanda et al. , 1997 Ivan et al. 1993; Roussakova 2000; Malinovsky & Kricsfalusy 2000; Mihăilescu 2001; Niculescu 2004; Grigoriu & Alda 2004; Sarbu et al. 2004; Petrík et al. 2005; chifu et al. 2006 The proximity of alpine vegetation much influences Potentillo ternatae -Nardion strictae. Floristic-geographical analysis of the diagnostic species shows that 49 % have Alpine and ArcticAlpine distribution. Another 18 % of the species represent the sub-Atlantic floristic element. carpathian-Balkanic flora is presented by 14 % of diagnostic species and could be an argument for distinction of the alliance. The list of diagnostic species reveals significant resemblance between Potentillo ternatae -Nardion strictae and Nardion strictae.
Mention should also be made of Nardo strictae -Agrostion tenuis Sillinger 1933 which is presented in the Krkonoše and the West carpathian Mts (Krahulec 1990; Krahulec et al. 1996) . The species composition of the relevés from the Krkonoše Mts is similar to our data. It could be suggested that one large alliance (Nardion ?) actually includes geographically differentiated suballiances like Potentillo ternatae -Nardion strictae and Nardo strictae -Agrostion tenuis. But large data set analysis is needed to prove this hypothesis.
cONcluSIONS
The mat-grass communities in Bulgaria, as in many european countries, are most often a sequence of long-time intensive grazing and trampling. The pastures are distributed in the mountains, mostly above the timberline and occur in different altitudinal vegetation belts. In the alpine vegetation, the communities characterized by significant Nardus stricta abundance are related to Juncetea trifidi class, which is supported by the presence of many preserved diagnostic species (e.g. Juncus trifidus, Veronica bellidioides, Festuca airoides, Campanula alpina, Agrostis rupestris). At lower altitudes, in the subalpine belt, the grazing has been more intensive. These territories are covered by huge mountain pastures, quite uniform due to the strong dominance of the mat-grass. In the Balkan Range these communities are referred to Potentillo ternatae -Nardion strictae. We typified the Potentillo ternatae -Nardion strictae alliance by Violo declinatae -Nardetum strictae association. The Potentillo ternatae -Nardion strictae vegetation includes many character species (e.g. Potentilla erecta, Agrostis capillaris, Hypericum maculatum, Festuca rubra) for Calluno -Ulicetea and should be subordinated to this class. The high abundance of Nardus stricta in a vegetation type does not necessarily refer this vegetation to Calluno -Ulicetea. The mat-grass pastures developed on places of former Juncetea trifidi syntaxa remain syntaxonomically in the same class. It might be predicted that a decrease in the grazing and trampling intensity, which is ongoing currently at many places in the high mountains, will reduce the mat-grass abundance and will result in demutation to the primary vegetation communities.
SYNTAXONOMIcAl SYNOPSIS:
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Nardetalia strictae and Nardo -Callunetea
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